The viscera are usually wasted in the processing of cowtail ray, although they may contain many valuable substances such as proteolytic enzymes. This study investigates the possibility of using these enzymes to produce fish protein hydrolysates. The enzymes were extracted by ensilation using a urixture of 50%, propionic and 50% forrnic acids at a 3Yo (vlw) inclusion rate at 40';C over a 5 day periods. Cnrde enzyrnes were produced by precipitation with ammonium sulphate. The activity of the extracted enzymes was investigated by fish meat hydrolysis conducted at 450C and 600 C, and pH 2.0, 5.0 and 8.0 for 4 hours. The ratios of crude enzyme to fish nreat were 5rlo and l0%. h was shown that the optimum hydrolysis was at 600C for 3 hour at a ratio of clrrde enzyme to fish ureat of 5% at all pHs.
INTRODUCTION
The viscera of frsh are an important digestive organ, functioning as a grinder and liquefrer of ingested foods. It contains a number of enzyrnes that aid in the breakdown and subsequent absorption of foods. The high levels of enzyrnes in the viscera make it very susceptible to autolysis, which is the frrst process that takes place when a frsh dies. However, visceral enzymes are partly responsible for flavour development during curing and fermentation of aquatic food products. They also play significant roles in viscera silage process, which is facilitated by an addition of acids to reduce the pH of the viscera to that close to pH optimum for digestive enzymes activity. If the ternperature is in the range of 25-40'C, the protein of the viscera liquefies within one week and is ready for further utilisation.
Hall el ol. (1985) and Raghunath & McCurdy (1990) (Brewer et al., 1984; Shamsuzzaman & Haard, 1985; Haard, 1992) . Fish pepsins have been industrially produced and used for the production of salmon and orange roughy caviar in some countries (Almas, 1990; Xu et a|.,1996 (Chng, 1992b) . The white material after ashing was weighed and considered as the ash content of the material.
The Kieldahl method was used to measure the protein nitrogen content of samples of about 2g (Kirk & Sawyer, f99f (Kirk & Sawyer, 1991 Reece (1988) found that activity of acidic proteases in silage made from cod, mackerel and salmon viscera were ahnost constant during 5 days storage. Prolonged storage at up to 200C, however, led to gradual loss of protease activity frorn mackerel and salmon, but this was not observed in cod viscera. Raa & Gildberg ( 1976) and Gildber g & Raa (197 7 ) observed that protea ses in cod viscera silage were stable for at least 9 days aL 27oC.
Separate study showed that two pepsin-Iike and one trypsin-like enzymes were identified from the liquid cowtail ray viscera silage (Poernomo, 1997) .These enzymes were reported to have molecular weight of about 30,000 dalton for both the pepsin-like enzymes and about 45,000 dalton for the trypsin-lihe enzyrne, respectively.
Fish Protein Hydroly sis
The results of frsh protein hydrolysis by crude enzymes are shown in Figure 1 . At 450C, the hydrolysis of fish protein at all pHs and enzyrne to frsh meat ratios was very slow resulting in a low level of soluble nitrogen ( 10-309'0 of total nitrogen). The levels of soluble nitrogen at 600C was relatively constant during the first 2h, sharply increased in the next hotu, therr leveled off AII slurries at 600C, except that at pH 2.0 with 5% ratio of crude enzyme, had soluble nitrogen of about 60% (of total nitrogen) after 4h hydrolysis. The slurry at pH 2.0, at 60"C and 5'% r atio of crude enzyme had frnal soluble nitrogen of about 50% (of total nitrogen). Statistical analysis showed that all factors applied in this study and their interaction signifrcantly affected the level of soltrble nitrogen of the hydrolysate (p=0.0), except for interaction between temparature and enzyrn ratio (P = 0.59); temperattue, time and enzyme ratio ( P = 0. 10) and ternperatrrre, tirne, pH and enzyme ratio (P = 0.38).
The present study shows that at 600C the crude enzymes applied were able to hydrolyse frsh protein producing about 60% soluble nitrogen at pH 5.0 and 8.0, and altnost 5O9', at pH 2.0. The similar resrilts for different pHs were rnost probably due to the high buffering capacity of fish meat which tended to adjust the pH of the shuries to close to the original fish meat pH. Additionally, as protein hydrolysis is accornpanied by a release or uptake of H* (Sorensen, 1908) , the pH of the mixture changes, except in the region around pH [5] [6] where the uptake and release ofprotons cancel each other (Adler-Nissen, 1986 In a test of frsh meat hydrolysis by bacterial proteases, Rebeca et al. (1991) found that nitrogen solubilisation was faster during pH-controlled hydrolysis than without pH control. They also observed that a decrease in pH, from 9.5 to 8.0 for the slurries using alkaline protease and from 7.5 to 6.5 for the slurries using neutral proteases, occurred during the first hour of hydrolysis, which corresponded to a 15-30% reduction of protease activity. Another possible reason why the level of soluble nitrogen in the first 2h was low is the relative resistance to proteolysis of native fish protein (Reeck, 1971) . Protein hydrolysis by pepsin and trypsin was easier in slightly cooked fish than in raw or fully cooked fi sh (Saha, 1940) , and according to Rupley (1967) 
